Summary: In two groups of normotensive rats anaesthe tised with halothane, either the nasociliary nerve (NCN) or the NCN and parasympathetic (PS) fibres together (NCN-PS) were functionally blocked at the right ethmoi dal foramen. Blocking was achieved reversibly and re peatedly using a cooling probe. Cortical regional CBF (rCBF) was measured bilaterally using laser-Doppler probes. In Group 1, bilateral common carotid occlusion (CCO) was applied for 1 min both with and without block. In Group 2, CCO was applied permanently followed by stages of controlled haemorrhagic hypotension to deepen the ischaemia and the block applied at each stage. In Group 1, during CCO, rCBF was unaffected by blocking 
Neurotransmitters influence cerebral cortical perfusion both through the intrinsic innervation of microvessels in cortical columns and through the extrinsic perivascular innervation that arises from sympathetic sources (the superior cervical gan glion), parasympathetic (PS) sources (the spheno palatine, otic, and small satellite ganglia), and ret rograde conduction in sensory fibres whose cell bodies lie in the trigeminal ganglion. The PS fibres innervate the circle of Willis and cortical pial ves sels; they contain acetylcholine (Suzuki et aI., 1990a), vasoactive intestinal polypeptide (VIP) (Su zuki et aI., 1988) , and NO synthase (Iadecola et aI., 1993; Nozaki et aI., 1993) as well as neuropeptide Y (Suzuki et aI., 1990c).
NCN-PS. However, during the transient postocclusive hyperaemia, blocking NCN-PS, but not NCN alone, sig nificantly increased right side rCBF. In Group 2 and in Group 1 in the absence of CCO (normotension), rCBF was unaffected by blocking either set of fibres. We con clude that neither NCN nor PS fibres contribute to the tonic level of rCBF or to its autoregulatory control, but PS fibres conduct impulses tending to resolve postis chaemic hyperaemia. We suggest that a subpopulation of PS fibres containing neuropeptide Y is activated under conditions of supernormal rCBF. Key Words: Cerebral blood flow-Ischaemia-Neurogenic control-Para sympathetic.
If the PS fibres arising from the sphenopalatine ganglion are electrically stimulated, cortical re gional CBF (rCBF) increases (Seylaz et aI., 1988; Suzuki et aI., 1990a) , this effect being attenuated by inhibition of NO synthase (Morita-Tsuzuki et aI., 1993) . Although action potentials have not been di rectly recorded in cerebrovascular PS fibres and the presence of impulses along them under normal or pathophysiological conditions can be inferred only indirectly, the proximity of the sensory fibres also innervating the cerebral vessels suggests that both PS and sensory pathways are components of a con trol loop that includes central structures such as the trigeminal sensory nuclei and contributes to the reg ulation of rCBF. In this scheme, the sensory fibres would transduce information about vessel diameter or local metabolic conditions. Suzuki et ai. (1990a ,b) state that neither the PS nor the sensory innervation of the cerebral vessels contributes to the control of resting rCBF in rat cerebral cortex. They base this assertion on obser vations that cortical rCBF does not appear to change after either the PS or the nasociliary nerve (NCN) fibres are chronically sectioned. However, the PS fibres have been implicated in control of autoregulation to reduced perfusion pressure in spontaneously hypertensive rats and of infarct size following establishment of a chronic focal isch aemic lesion (Koketsu et al., 1992) .
The present study was designed to assess the short-term physiological role of the PS and sensory components of the extrinsic cerebrovascular inner vation, that is, their immediate contribution to the control of rCBF within a time scale of seconds or minutes, rather than hours or days, following a tem porary perturbation of the cerebral circulation that would not necessarily lead to pathophysiological se quelae. To do this, we attempted to measure as pre cisely as possible the effects of functionally block ing these components, first, on cortical rCBF itself, and second, on the cerebrovascular response to an episode of mild cerebral ischaemia produced by ei ther temporary bilateral common carotid occlusion (CCO) or a reduction of MABP. Conduction along the fibres was blocked using a cold probe; this could be applied repeatedly and atraumatically in the same animal. The experiments were performed in normotensive rats anaesthetised with halothane.
METHODS

Surgical preparation
Male Sprague-Dawley rats weighing 250-400 g were used in this study. Anaesthesia was induced with 3% halothane in a 30% 02170% N20 mixture, maintained dur ing surgery with 1-1.5% halothane in the same gas mix ture, and finally adjusted to 0.5-0.75% at least 30 min before flow measurements commenced. Both femoral ar teries and one vein were cannulated for continuous re cording of both pulsatile blood pressure and MABP, pe riodic monitoring of arterial blood gases from O.I-ml sam ples, and administration of fluids and drugs.
The common carotid arteries were carefully exposed and a loop of 3-0 thread was passed around each of them at -5 em posterior to the incisors. Each pair of thread ends was brought forward out through the skin via short lengths of catheter tubing so that each artery could sub sequently be occluded against the ends of the tubes with out damage by gently retracting the threads by 3-5 mm externally. Following tracheostomy, the animal was arti ficially ventilated so as to maintain arterial Pc02 within the normal range. Arterial P02 was in the range of 130-150 mm Hg and the pH adjusted as necessary to a range of 7.4-7.5. Core temperature was maintained at 37.0-37.5°C by a heating blanket.
The head was fixed in a sterotactic frame and the pa rietotemporal bone exposed bilaterally. The bone over the parietal cortex was thinned to translucency using a fine dental burr over an area of -2-mm diameter centred at a point 3 mm caudal and 5-7 mm lateral to bregma. Glass fibre probes (0.5-mm diameter) were positioned on the thinned bone bilaterally (away from any vessels visi ble through the bone) and connected to a two-channel laser-Doppler flowmeter (model MBF3D; Moor Instru-J Cereb Blood Flow Metab, Vol. 15, No.3, 1995 ments Ltd., U.K.). A small drop of optical gel was used to eliminate the air gap between the end of the probe and the surface of the bone. The analog flux signals (propor tional to local cortical blood flow) produced at 1 Hz from the left and right channels, together with the MABP, were filtered with a low-pass time constant of 5 s, displayed, and stored as part of a computer program suite allowing both on-and off-line analysis of the data as described later. Flows and MABP were measured throughout every experiment.
The right ethmoidal foramen and its contents were ap proached using the method described by Suzuki et al. (1990a) . The anterior ethmoidal artery and vein, the NCN, and the PS fibres arising from the sphenopalatine ganglion were identified, and the NCN was carefully dis sected free from the other structures. The contents of the orbit on the left side were untouched.
Cooling probe
The fibres of the ethmoidal foramen were functionally blocked (at times prescribed by the protocol summarised in the following) by reducing their temperature to close to O°C, at which point the maximum transmissible frequency of impUlses in both unmyelinated and myelinated fibres becomes negligibly small (Paintal, 1973) . This cold block was accomplished by means of a probe and associated electronic circuitry designed by one of the authors. The probe consisted of a tapering silver wire soldered at one end to the cold plate of a Peltier stack (RS Components, U.K.) that was driven by a DC amplifier, and its other end (-0.5-mm diameter) fashioned to a smooth hook. A miniature thermocouple fixed to the wire -2 mm from the hook monitored the probe temperature and maintained it at the value set by the operator by means of feedback control. In practice, the temperature was set to either O°C (the blocking condition) or 30°C (the normal extracranial temperature of the exposed orbit). In separate simula tions, we verified that the temperature at the hook was within 2°C of that at the thermocouple. The Peltier as sembly was mounted on a micromanipulator so that the hook could be precisely positioned within the orbit.
Fibres were blocked by gently lifting them with the hook, removing surplus fluid (without, however, allowing the tissue to become dry), and setting the temperature to O°c. The target temperature was reached within 20 s. Be cause the PS fibres from the sphenopalatine ganglion run in a fine membranous structure close to the medial orbital wall, it was impossible to cool them independently of the NCN. Thus, either the NCN was blocked alone, at -2 mm from the foramen, or the NCN and the PS fibres were blocked together, at -\ mm from the foramen.
There are several advantages of functional blockade using a cold probe as compared with other methods such as anodal blocking or applying chemical blockers locally. With the cold block, all the fibres under the cold probe are fairly uniformly blocked with no diffusion or distance effects (provided, as here, that the nerve is not too thick) and there is no possibility of actually stimulating the fi bres. In addition, onset and cessation of the blockade promptly follow the turning on and off of the Peltier stack current, so that the blockade is reversible and may be easily and reliably repeated during a single experiment.
Protocol and data analysis
Two separate groups of rats were used. In Group 1 (n = 8), the CCO was applied bilaterally as described for periods of 60 s several times during each experiment. Successive occlusions were separated by at least 10 min, adequate to allow recovery of flow and MABP to preoc clusion levels, and were alternately applied during block ing of the NCN and PS fibres (or the NCN alone) as described or without blocking (the control). When CCO was applied during blocking, the cold probe was turned on at least 1 min before CCO commenced and then turned off 1 min after CCO ceased.
In Group 2 (n = 6), permanent bilateral CCO was per formed initially and, after allowing blood pressure and rCBF to stabilise, the MABP was reduced in controlled steps by withdrawal of blood through one arterial cathe ter. During each step, after at least 10 min had been al lowed for further stabilisation, the NCN and PS fibres together, or the NCN alone, were blocked for separate l-min periods, each period being separated by at least 5 min.
We took advantage of the repeatability of both the rCBF response to occlusion and the blockade induced by the cooling probe to improve accuracy by averaging the differences between successive responses (i.e., with and without blocking) in the alternating sequence described. Pairwise comparison of successive responses reduced the effects of possible drift in the response characteristics with time due to changing conditions in the animal in the course of the experiment, such as the cumulative effects (which were small) of repeated CCO. The averaged dif ferences thus obtained in each animal were then averaged over all animals in the group for which the block in ques tion (PS with NCN or NCN alone) was applied. Averag ing and subtraction operations were performed off-line within the same computer program as was used for re cording the data.
A well known feature of laser-Doppler cortical flow recording is an apparent periodic fluctuation of flow, due to spontaneous vasomotion in the capillary bed. This fluc tuation can amount to several percent of the total flow and is especially large when halothane anaesthesia is used (Lindauer et al., 1993) . Since these fluctuations were ran domly phased relative to the onset of CCO and blocking, they tended to average out under this procedure.
Paired comparisons were evaluated using the paired t test. All averages are given as means ± SD in the text. In the figures, where averaged traces are shown, the 95% confidence limits are displayed rather than SD so as to indicate directly the regions of statistical significance. Flows following stimulation are expressed as percentages of the prestimulus flow. Fig. 2A ; Table 1 ). on the left side in the range of 40-60 mm Hg asso ciated with blocking both NCN and PS. The changes in MABP itself at the onset of blocking were also small, averaging < 1.5% except for one value of 2.5% at <40 mm Hg associated with block ing the NCN alone (this change was significant). changes were all less than � 1 %. Averaged traces are shown in Fig. 3 .
RESULTS
Group 1
DISCUSSION
Effect of blocking on tonic rCBF and autoregulation
Our results indicate that there is no significant activity in either NCN or PS fibres either during normotension (in the absence of CCO) or at levels of reduced MABP ranging from below 40 to over Values are the differences between averages over the I-min periods preceding and following onset of block, expressed as percentages of the preblock value. a Significant difference from zero (paired t test): p < 0.05. We observed no such increase upon func tional blocking of the NCN by cooling (Fig. 3) .
Our data appear to be at variance with the results of Koketsu et aI. (1992) , who showed that rCBF was significantly reduced during haemorrhagic hy potension if the PS fibres were sectioned. The reason for this discrepancy may lie in their use of spon taneously hypertensive rats (our animals were nor motensive with an MABP in the range of 90-120 mm Hg when initially anaesthetised) or in their use of a chronic rather than an acute denervation model (they made the lesions 10-14 days before the CBF measurements) .
Blocking and response to CCO
During the mild global ischemia (20-80% of con trol flow) produced by CCO, the PS fibres do not conduct impulses to increase flow ( Fig. 2A) This discussion refers to the right side rCBF data, i.e., ipsilateral to the block. In contrast, the left side response to CCO was much less affected (and with out statistical significance) by blocking the NCN or PS fibres (Fig. 2B ). This appears to rule out an ex planation for the observed changes based on a sys temic or bilaterally symmetric neurogenic reaction to blocking the fibres. In addition, the typical re sponse of MABP to CCO (Fig. 1) 
